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(57) Cyclopentenone derivative having a structure 
of 5-(R 1 COO-)-4-(R 2 COO-)-substituted 2-cyclopenten- 
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cyclopentenone derivative by the reaction of 4,5-dihdy- 
roxy-2-cyclopenten-1 -one with the corresponding car- 
boxylic acid or a reactive derivative thereof; and 
anticancer agent, apoptosis-inducing agent and anti- 
bacterial agent containing said derivative. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to the cyclopentenone derivative useful in the field of pharmaceutical agents hav- 
ing a physiological activity such as anticancer action and also relates to a method for the manufacture of said com- 
pounds. 



[0002] Pharmaceutical agents which have been used in clinical therapy include many agents such as anticancer 
agents, antibiotic substances, immunopotentiators, immunomodulators, etc. (such as alkylating agents, antimetabolites 
and plant alkaloids) but it can be hardly said that such a drug therapy has been completely established already. 
[0003] Among those agents, prostaglandin A and J having an a, p -unsaturated carbonyl in a five-rnembered ring 
among the prostaglandins derived from natural substances have been reported to have a possibility of being used as 
highly safe anticancer agents due to their inhibition of DNA synthesis and various derivatives of them have been syn- 
thesized (refer to the Japanese Laid-Open Patent Publication Sho-62/96438). 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] An object of the present invention is to develop the cyclopentenone derivative having a physiological action 
such as anticancer action, apoptosis-inducing action, antibacterial action, etc. and to offer a method for the manufacture 
of said compounds and pharmaceutical agents containing said compounds. 

MEANS TO SOLVE THE PROBLEMS 

[0005] The present inventors have conducted an intensive study for achieving said object and have found that the 
cyclopentenone derivative represented by the formula [II] is produced by the reaction of 4,5-dihydroxy-2-cyclopenten- 
1-one (hereinafter, referred to as just "cyclopentenone") represented by the formula [III] with carboxylic acid and/or a 
reactive derivative thereof and that said cyclopentenone derivative of the present invention has various strong physio- 
logical activity such as cell growth inhibiting activity on cancer cells, etc. whereby the present invention has been 
achieved. 

[0006] The present invention will be summarized to be as follows. Thus, the first feature of the present invention 
relates to a cyclopentenone derivative represented by the following formula [I] or an optically active substance or a salt 
thereof. 



[0007] (In the formula, R 1 and R 2 are same or different and each of them is straight or branched alkyl group, straight 
or branched alkenyl group, aromatic group or aromatic-aliphatic group with a proviso that the case where R t = R 2 = - 
CH 3 is excluded.) 

[0008] The second feature of the present invention relates to a method for the manufacture of a cyclopentenone deriv- 
ative represented by the formula [II], characterized in that, 4,5-dihydroxy-2-cyclopenten-1-one represented by the fol- 
lowing formula [III] and/or an optically active derivative thereof are/is made to react with a carboxylic acid and/or a 
reactive derivative thereof corresponding to R 3 and R 4 of the cyclopentenone derivative represented by the following 
formula [II] either simultaneously or successively. 
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[0009] (In the formula, R 3 and R 4 are same or different and each of them is straight or branched alkyl group, straight 
or branched alkenyl group, aromatic group or aromatic-aliphatic group.) 



20 
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[III] 



30 

[0010] The third feature of the present invention is a pharmaceutical agent which is characterized in containing the 
compound selected from the cyclopentenone derivative, an optically active substance or a salt thereof of the first fea- 
ture of the present invention as an effective component. 

[001 1 ] The fourth feature of the present invention is a pharmaceutical agent which is characterized in containing com- 
35 pound selected from cyclopentenone derivative, an optically active substance or a salt thereof obtained by the method 
of the second feature of the present invention as an effective component. 

[001 2] In a preferred embodiment of the third and fourth features of the present invention, said pharmaceutical agent 
is an anticancer agent, apoptosis inducer or antibacterial agent. 

40 BRIEF EXPLANATION OF THE DRAWINGS 

) 

[0013] 

Fig. 1 shows a mass spectrum of diacetylcyclopentenone. 
45 Fig. 2 shows a 1 H-NMR spectrum of diacetylcyclopentenone. 

Fig. 3 shows a mass spectrum of dibenzoylcyclopentenone. 

Fig. 4 shows a 1 H-NMR spectrum of dibenzoylcyclopentenone. 

Fig. 5 shows a 1 H-NMR spectrum of dihexanoylcyclopentenone. 

Fig. 6 shows a 1 H-NMR spectrum of dimyristoylcyclopentenone. 
50 Fig. 7 shows a 1 H-NMR spectrum of dioctanoylcyclopentenone. 

Fig. 8 shows a 1 H-NMR spectrum of di-3-octenoylcyclopentenone. 

Fig. 9 shows a 1 H-NMR spectrum of dibutyrylcyclopentenone. 

Fig. 10 shows a 1 H-NMR spectrum of didecanoyl cyclopentenone. 

Fig. 1 1 shows a 1 H-NMR spectrum of divalerylcyclopentenone. 
55 Fig. 12 shows a 1 H-NMR spectrum of dipropionylcyclopentenone. 

Fig. 13 shows a 1 H-NMR spectrum of di-2-hexenoylcyclopentenone. 

Fig. 14 shows a CD of p-dimethylaminobenzoyl derivative of (-)-cyclopentenone and a stereostructure of (-)- 
cyclopentenone. 
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Fig. 15 shows a CD of p-dimethylaminobenzoyl derivative of (+)-cyclopentenone and a stereostructure of (+)- 
cyclopentenone. 

EMBODIMENTS OF THE INVENTION 

5 

[0014] The present invention will now be specifically illustrated as hereinafter. 

[001 5] The cyclopentenone represented by the formula [III] used in the present invention covers both isomers where 
the configurations of hydroxyl groups at 4- and 5-positions are cis and trans. In the present invention, any of cis- 
cydopentenone, trans-cyclopentenone and a mixture of cis- and trans-cyclopentenone may be used. It is also possible 

10 to use optically active substances thereof. 

[0016] cis-Cyclopentenone may be prepared by a chemical synthesis [Helvetica Chimica Acta, volume 55, pages 
2838-2844 (1972)]. trans-Cyclopentenone may be prepared either by a chemical synthesis [Carbohydrate Res., volume 
247, pages 217-222 (1993)] or by heating uronic acid such as glucuronic acid, uronic acid derivative such as glu- 
curonolactone, etc. (refer to PCT/JP97/03052). In the present invention, it is also possible to use such a heated product 

75 or partially purified product or purified product thereof. 

[0017] For example, when D-glucuronic acid is used as a uronic acid and its 1% solution is heated at 121°C for four 
hours, the cyclopentenone is produced in the heat-treated substance. The cyclopentenone in this heat-treated sub- 
stance is extracted with a solvent and the extract is concentrated. Then, this concentrated extract is separated by 
means of a silica gel column chromatography, the eluted cyclopentenone fraction is concentrated, the cyclopentenone 

20 is extracted with chloroform from the concentrate and the extract of the concentrate is subjected to a normal phase col- 
umn chromatography whereupon the cyclopentenone in the heat-treated substance is isolated. 
[0018] Physical property of the cyclopentenone will be given as hereunder. Incidentally, a mass spectrometry analy- 
sis of the cyclopentenone was conducted using a mass spectrometer DX302 (manufactured by Nippon Denshi). Fur- 
ther, measurement of an NMR using heavy chloroform as a solvent was conducted by JNM-A 500 (manufactured by 

25 Nippon Denshi). Specific rotation was measured by a DIP-370 polarimeter (manufactured by Nippon Bunko); ultraviolet 
absorption spectrum was measured by a UV-2500 spectrophotometer (manufactured by Shimadzu); and infrared 
absorption spectrum (IR) was measured by an FTIR-8000 infrared spectrophotometer (manufactured by Shimadzu). 

MSm/z 115[M+H] + 

so 1 H-NMR (CDCI 3 ): 6 4.20 (1 H, d, J=2.4 Hz, 5-H), 4.83 (1 H,m, 4-H), 6.30 (1 H, dd, J = 1 .2, 6.1 Hz, 2-H), 7.48 (1 H, dd, 

J = 2.1, 6.1 Hz, 3-H). 

[001 9] Incidentally, the chemical shift value of the 1 H-NMR was given on a basis that the chemical shift value of CHCI 3 
was 7.26 ppm. 

35 

Optical rotation: [a] D 20 0° (c 1 .3, water) 
UV: X max 215nm (water) 

IR (KBr method): absorptions were noted at 3400, 1715, 1630, 1115, 1060, 1025 cm" 1 . 

40 [0020] When the isolated cyclopentenone is subjected to an optical resolution, (-)-4,5-dihydroxy-2-cyclopenten-1 -one 
and (+)-4,5-dihydroxy-2-cyclopenten-1-one are obtained. It goes without saying that the cyclopentenone obtained by a 
synthetic method can be subjected to an optical resolution as well. 

[0021 ] For example, the cyclopentenone is dissolved in ethanol. To this ethanolic solution is further added hexane/eth- 
anol (94/6) to prepare a cyclopentenone solution. The cyclopentenone can be optically resolved when this sample solu- 

45 tion is subjected to an HPLC using, for example, a Chiral Pack AS (manufactured by Daicel Chemical Industries) under 
such a condition that the column temperature was 40°C and the mobile phase was hexane/ethanol (94/6). 
[0022] Optical rotation of the optically resolved (-)-trans-4,5-dihydroxy-2-cyclopenten-1-one [hereinafter, referred to 
as (-)-cyclopentenone] is [a] D 20 -105° (c 0.30, ethanol) while that of the optically resolved (+)-trans-4,5-dihydroxy-2- 
cydopenten-1-one [hereinafter, referred to as (+)-cyclopentenone] is [ct] D 20 +104° (c 0.53, ethanol). Incidentally, the 

so optical rotation was measured by the above-mentioned polarimeter of the type DIP-370 (manufactured by Nippon 
Bunko). 

[0023] After that, each of (-)-cyclopentenone and (+)-cyclopentenone was subjected to structural analysis by means 
of mass analysis and nuclear magnetic resonance (NMR), measurement of UV absorption spectrum and measurement 
of infrared absorption spectrum by the method mentioned already. As a result, both optically active substances showed 
55 the same result as that of the cyclopentenone before the optical resolution. 

[0024] Each of the optically resolved (-)-cyclopentenone and (+)-cyclbpentenone was converted to a p-dimethylami- 
nobenzoyl derivative, the circular dichroism spectrum (CD) was measured using a circular dichroism dispersimeter of 
type J-720 (manufactured by Nippon Bunko) and the result was applied to a dibenzoate chirality rule [J. Am. Chem. 
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Soc, volume 91, pages 3989-3991 (1969)] to determine the configuration. 

[0025] CD of p-dimethyiaminobenzoyl derivative of (-)-cyclopentanone and stereostructure of (-)-cyclopentenone are 
shown in Fig. 14. In the drawing, the ordinate indicates molar circular dichroism while the abscissa indicates wave 
length (nm). Incidentally, the above stereostructure is given hereunder as the formula [IV] 



10 




[IV} 



15 



[0026] CD of p-dimethylaminobenzoyl derivative of (+)-cyclopentanone and stereostructure of (+)-cyclopentenone are 
shown in Fig. 15. In the drawing, the ordinate indicates molar circular dichroism while the abscissa indicates wave 
20 length (nm). Incidentally, the above stereostructure is given hereunder as the formula [V] 



O 



25 




[0027] As shown in Fig. 14, Fig. 15, formula [IV] and formula [V], the (-)-cyclopentenone is (-)-(4R,5S)-trans-4,5-dihy- 
35 droxy-2-cyclopenten-1 -one while the (+)-cyclopentenone is (+)-(4S,5R)-trans-4,5-dihydroxy-2-cyclopenten-1 -one. 

[0028] The above-mentioned cyclopentenones or an optically active substance thereof may be manufactured by any 
method, i.e. they may be manufactured by a method disclosed in this specification or by means of chemical synthesis; 
and trans- and cis-cyclopentenone, a mixture thereof or optically active substances thereof may be used in the present 
invention as well. 

40 [0029] When the cyclopentenone and/or an optically active substance thereof are/is made to react with a carboxylic 
) acid and/or a reactive derivative thereof having straight or branched alkyl group, straight or branched alkenyl group, aro- 
matic group or aromatic aliphatic group either simultaneously or successively, the cyclopentenone derivative of the 
present invention represented by the formula [II] or an optically active substance derivative thereof is produced in the 
reaction solution. 

45 [0030] A carboxylic acid having straight or branched alkyl group may be used as the carboxylic acid having alkyl group 
and the length of the alkyl chain can be appropriately selected according to the biological activity, solubility, etc. of the 
cyclopentenone derivative. 

[0031] Examples of the applicable carboxylic acid having straight alkyl group are acetic acid, propionic acid, butyric 
acid, valeric acid, hexanoic acid, heptanoic acid, n-octanoic acid, pelargonic acid, n-decanoic acid, undecanoic acid, 
so lauric acid, tridecanoic acid, myristic acid, pentadecanoic acid, palmitic acid, heptadecanoic acid, stearic acid, nonade- 
canoic acid, icosanoic acid, behenic acid, lignoceric acid, cerotic acid and melissic acid. 

[0032] Examples of the applicable carboxylic acid having branched alkyl group are isobutyric acid, isovaleric acid, 2- 
methylbutyric acid, pivalic acid, 4-methylvaleric acid and 1 ,2-dimethylvaieric acid. 

[0033] With regard to the carboxylic acid having alkenyl group, a carboxylic acid having straight or branched alkenyl 
55 group may be used and the chain length, degree of unsaturation and position of the unsaturated bond of the alkenyl 
group may be appropriately selected according to biological activity, solubility, etc. of the cyclopentenone derivative. 
[0034] Examples of the applicable carboxylic acid having straight alkenyl group are acrylic acid, vinylacetic acid, cro- 
tonic acid, isocrotonic acid, allylacetic acid, 2-hexenoic acid, 3-hexenoic acid, 3-octenoic acid, obtusilic acid, 10-unde- 
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cenoic acid, palmholeic acid, petroselinic acid, elaidic acid, oleic acid, linoleic acid, a -linolenic acid, y - linolenic acid, 
eleostearic acid, icosatrienoic acid, arachidonic acid, eicosaperttaenoic acid, brassidic acid, erucic acid, docosahexae- 
noic acid, ximenic acid and 21-triacontenoic acid. 

[0035] Examples of the applicable carboxylic acid having branched alkenyl group are methacrylic acid, tiglic acid, 

5 angelic acid and a-ethylcrotonic acid. 

[0036] Examples of the applicable carboxylic acid having aromatic group are benzoic acid, toluic acid, chlorobenzoic 
acid, bromobenzoic acid, nitrobenzoic acid, phthalic acid, isophthalic acid, terephthalic acid, salicylic acid, acetylsali- 
cylic acid, acetylsalicylsalicylic acid, aminosalicylic acid, p-hydroxybenzoic acid, aminobenzoic acid, methoxybenzoic 
acid, acetamidobenzoic acid, vanillic acid, orsellinic acid, naphthoic acid, cinchomeronic acid, xanthurenic acid, quininic 

10 acid and kynurenic acid and a carboxylic acid having appropriate aryl group may be selected according to biological 
activity, solubility, etc. of the cyclopentenone derivative to be manufactured. 

[0037] Examples of the applicable carboxylic acid having aromatic aliphatic group are phenylacetic acid, phenylpro- 
pionic acid, phenyllactic acid, phenylpyruvic acid, cinnamic acid, atropic acid and naphthylacetic acid and a carboxylic 
acid having appropriate aralkyl group may be selected according to biological activity, solubility, etc. of the cycloperrten- 
is one derivative to be manufactured. 

[0038] Examples of the reactive derivative of the carboxylic acid used in the present invention are acid halides, acid 
anhydrides, acid esters and salts and a reactive derivative of carboxylic acid to be used may be manufactured depend- 
ing upon the object. 

[0039] Reaction of the carboxylic acid or a reactive derivative thereof with the cyclopentenone may be conducted in 
20 such a manner that R 3 and R 4 of the cyclopentenone derivative become either same or different. Thus, carboxylic acids 
having different R 3 and R 4 may be made to react with the cyclopentenone either simultaneously or successively When 
one of the hydroxyl groups of the cyclopentenone is protected at that time, it is possible to efficiently manufacture the 
cyclopentenone derivative having different R 3 and R 4 . 

[0040] The cyclopentenone derivative or an optically active substance thereof which is produced by the reaction of 
25 the cyclopentenone or an optically active substance thereof with carboxylic acid has a potent inhibiting activity for 
growth of oncogene and can be purified and isolated from the reaction solution using said activity as an index. The 
means for purification and isolation may be known purifying means such as chemical method and physical method. 
Thus, conventionally known methods such as gel filtration, fractionation using a molecular weight fractionating mem- 
brane, extraction with solvent, fractional distillation and various chromatographic methods using ion exchange resin, 
30 etc. are combined whereby the cydopetenone derivative or an optically active substance thereof can be purified and 
isolated. 

[0041 ] For example, the cyclopentenone or an optically active substance thereof, 4-methylaminopyridine and carbox- 
ylic acid are dissolved in dichloromethane, then N,N-dicyclohexylcarbodiimide is added thereto with ice cooling and the 
mixture is subjected to the reaction whereupon the cyclopentenone derivative of the present invention is produced. The 
35 resulting product is purified by means of a silica gel thin layer chromatography to isolate the desired cyclopentenone 
derivative. 

[0042] It is also possible that the cyclopentenone or an optically active substance thereof is made to react with acetic 
anhydride in anhydrous pyridine and the resulting diacetylcyclopentenone is purified and isolated from the reaction mix- 
ture. 

40 [0043] Separation of the optically active substances of the cyclopentenone derivative obtained by the present inven- 
tion can be conducted by subjecting the racemic mixture to mechanical resolution, preferential crystallization, resolution 
by crystallization as diastereomer salts or as inclusion compounds, dynamic resolution using enzymes or microorgan- 
ism, resolution by means of chromatography, etc. 

[0044] Gas chromatography, liquid chromatography, thin layer chromatography, etc. may be used in the case of a res- 
45 olution by chromatography and a chiral stationary phase which is suitable for each of them may be used. 

[0045] A method using a chiral stationary phase, a method using a chiral eluate, separation as a diastereomer, etc. 
may be used in an optical resolution by liquid chromatography. 

[0046] A stationary phase of an amide type, that of a urea type, that of a ligand exchange type, polysaccharide- 
polysaccharide derivative stationary phase, protein stationary phase, poly met hacryl ate stationary phase, polymethacr- 

50 ylamide stationary phase, etc. may be used as a chiral stationary phase. 

[0047] With regard to an eluting liquid, that of a hexane type, an alcohol type, an aqueous (buffer) type, etc. may be 
suitably used taking the combination with the above-mentioned stationary phase into consideration. 
[0048] With regard to the salt of the compound of the present invention or optically active substance thereof, salts 
which are acceptable as pharmaceutical agents are exemplified and they may be prepared by converting by means of 

55 known methods. 

[0049] The cyclopentenone derivative, an optically active substance thereof or a salt thereof obtained by the present 
invention has a cell growth suppressing action to cancer cells such as human promyelocytic leukemia cells HL-60, 
human acute lymphoblastic leukemia cells MOLT-3, pulmonary cancer cells A-549, SV40-transformed pulmonary can- 
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cer cells WI-38VA13, hepatoma cells Hep G2, colon cancer cells HCT 116, human colon cancer cells SW 480, human 
colon cancer cells WiDr, stomach cancer cells AGS and myeloma cells. The pharmaceutical agent containing the com- 
pound selected from cyclopentenone derivative of the present invention, an optically active substance or a salt thereof 
as an effective component can be prepared, i.e. when the compound selected from the cyclopentenone derivative of 

5 the present invention, an optically active substance thereof or a salt thereof is used as an effective component and is 
made into a pharmaceutical preparation by compounding with known pharmaceutical carriers, it is now possible to pre- 
pare an anticancer agent. Mechanism, of the cell growth inhibiting activity on cancer cell of the cyclopentenone deriva- 
tive, an optically active substance thereof or a salt thereof obtained by the present invention does not limit the scope of 
the present invention at all and, for example, an apoptosis inducing action to cancer cells is covered by the present 

10 invention as well. . . . 

[0050] Generally, the compound selected from the cyclopentenone derivative, an optically active substance thereof 
or a salt thereof is compounded with a pharmaceutical^ acceptable liquid or solid carrier and, if necessary, solvent, dis- 
persing agent, emulsifier, buffer, stabilizer, filler, binder, disintegrating agent, lubricant, etc. are added thereto to give an 
anticancer agent which may be in solid such as tablets, granules, diluted powders, powders, capsules, etc. or in liquid 

75 such as solutions, suspensions, emulsions, etc. Further, this may be in a dry preparation which can be made into liquid 
by adding an appropriate carrier before use. 

[0051] The pharmaceutical carrier may be selected depending upon the above-mentioned mode of the administration 
and form of the preparation. In the case of oral preparations, starch, lactose, sugar, mannitol, carboxymethyl cellulose, 
corn starch, inorganic salts, etc. may be used. In the manufacture of oral preparations, binders, disintegrating agents, 
20 surface-active agents, lubricants, fluidity promoters, taste-correctives, coloring agents, flavors, etc. may be further com- 
pounded therewith. 

[0052] On the other hand, in the case of parenteral preparations, they may be prepared by common methods where 
the compound selected from the cyclopentenone derivative, an optically active substance thereof or a salt thereof which 
is an effective ingredient of the present invention is dissolved or suspended in a diluent such as distilled water for injec- 
ts tion, physiological saline solution, aqueous solution of glucose, vegetable oil for injection, sesame oil, peanut oil, soy- 
bean oil, corn oil, propylene glycol, polyethylene glycol, etc. followed, if necessary, by adding bactericides, stabilizers, 
isotonic agents, analgesics, etc. thereto. 

[0053] The anticancer agent of the present invention is administered by an appropriate route depending upon the form 
of the preparation. There is no particular limitation for the method of administration as well and it may be administered 

30 by means of oral use, external use and injection. Injection preparations are administered, for example, intravenously, 
intramuscularly, subcutaneously, intracutaneously, etc. while preparations for external use include suppositories, etc. 
[0054] Dose as an anticancer agent is appropriately decided by its form of preparation, method of administration, pur- 
pose of use and age, body weight and symptom of the patient to be treated and it is not constant but, usually, the 
amount of the cyclopentenone derivative, an optically active substance thereof or a salt thereof contained in the prep- 

35 aration is from 0.1 \lq to 200 mg/kg per day (for adults). Of course, the dose may vary depending upon various condi- 
tions and, therefore, the dose less than above may be sufficient in some cases while, in other cases, the dose more 
than above may be necessary. The pharmaceutical agent of the present invention can be directly administered orally 
and, in addition, it can be added to any food and beverage so that the agent can be taken on a routine basis. 
[0055] The cyclopentenone derivative, an optically active substance or a salt thereof obtained by the present invention 

40 has an apoptosis inducing action and an apoptosis inducer containing at least one compound selected from the above 
as an effective component can be prepared. The apoptosis inducer can be made into pharmaceutical preparations 
according to the above-mentioned anticancer agent and is administered by the same manner as in the case of the anti- 
cancer agent. 

[0056] The dose as the apoptosis inducers is not particularly specified but may be appropriately determined depend- 
45 ing upon the dosage form, administration method, purpose of the use and age, body weight, conditions, etc. of the 
patient to whom the inducer is administered. Usually, however, the amount of the cyclopentenone derivative and/or an 
optically active substance thereof contained in the preparation for an adult is 0.1 g-100 mg/kg per day. As a matter of 
course, the dose may vary depending upon various factors and, therefore, the dose less than the above-mentioned one 
may be sufficient in some cases while, in other cases, the dose more than the above may be necessary. The agent of 
so the present invention may be administered orally as it is and, further, the agent may be taken daily after adding to com- 
mon food and/or beverage as well. 

[0057] Unlike necrosis which is a pathogenic death of cells, apoptosis is believed to be a death which is initially pro- 
grammed in the gene of the cell itself. Thus, the gene which programs the apoptosis is activated by certain external or 
internal causes whereby programmed cell death gene protein is produced based upon said gene and then the cell itself 
55 is decomposed and dead by the resulting programmed death protein. 

[0058] The apoptosis inducer of the present invention is quite useful since it is capable of induction of such apoptosis 
in desired tissues and cells and able to exclude the unnecessary cells or the pathogenic cells from living organisms in 
a natural state. 
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[0059] The apoptosis inducer of the present invention can be used in a method for the induction of apoptosis. Thus, 
when the cyciopentenone derivative, an optically active substance thereof or a salt thereof is used as an effective com- 
ponent, it is possible to induce apoptosis and said method is useful, for example, for elucidation of a mechanism for 
apoptosis induction and for screening of apoptosis inducers and apoptosis induction inhibitors. 
[0060] The cyciopentenone derivative, an optically active substance or a salt thereof obtained by the present invention 
has an antibacterial activity and an antibacterial agent containing at least one compound selected from the above as 
an effective component can be prepared. The antibacterial agent can be made into pharmaceutical preparations 
according to the above-mentioned anticancer agent and is administered by an appropriate administration route 
depending upon the preparation form. There is no particular limitation for the method of administration as well and any 
of oral and external applications and injection may be applied. Injection may be administered, for example, intrave- 
nously, intramuscularly, subcutaneously and intracutaneous!* External preparation includes suppository. 
[0061] Dose as an antibacterial agent is appropriately decided by its form of preparation, method of administration, 
purpose of use and age, body weight and symptom of the patient to be treated and it is not constant but, usually, the 
amount of the cyciopentenone derivative, an optically active substance thereof or a salt thereof contained in the prep- 
aration is from 10 ng to 20 mg/kg per day (for adults). Of course, the dose may vary depending upon various conditions 
and, therefore, the dose less than above may be sufficient in some cases while, in other cases, the dose more than 
above may be necessary. The pharmaceutical agent of the present invention can be directly administered orally and, in 
addition, it can be added to any food and beverage so that the agent can be taken on a routine basis. 
[0062] In addition, the antibacterial agent of the present invention may be used as an antiseptic agent for improving 
the preservability of food or beverage. It is further possible to add the cyciopentenone derivative, an optically active sub- 
stance or a salt thereof to food or beverage and to use in an antiseptic method for food or beverage. 
[0063] The antibacterial agent of the present invention is effective for both Gram-positive and Gram-negative bacteria. 
Furthermore, the antibacterial agent of the present invention has an antibacterial activity to bacteria for dental caries 
and those for periodontal disease and an intraoral preparations containing the antibacterial agent of the present inven- 
tion can be offered. The form of the intraoral preparation maybe a known one such as liquid or paste. An example of the 
intraoral preparation is a dentifrice. It is possible to offer antibacterial cosmetics using the antibacterial agent of the 
present invention. It is also possible to offer a bathing agent using the antibacterial agent of the present invention. 
[0064] The cyciopentenone derivative, an optically active substance or a salt thereof obtained by the present invention 
can be efficiently manufactured from the cyciopentenone and a carboxylic acid or a reactive derivative thereof. 
[0065] There is no particular limitation for the method of manufacturing the food and beverage containing the 
cyciopentenone derivative, an optically active substance or a salt thereof obtained by the present invention but cooking, 
processing and commonly-used manufacturing methods for food and beverage may be applied provided that an effec- 
tive amount of the cyciopentenone derivative, an optically active substance or a salt thereof is contained in the resulting 
food or beverage. 

[0066] The cyciopentenone derivative, an optically active substance or a salt thereof obtained by the present invention 
does not exhibit toxicity upon administration of its dose which is effective for achieving the physiological activity. For 
example, in the case of oral administration, no dead case was noted in mice by a single oral administration of 300 mg/kg 
of any of dipropionylcyclopentenone, dihexanoylcyclopentenone, di-2-hexenoylcyclopentenone and optically active 
substances and salts thereof. 

[0067] To sum up, the cyciopentenone derivative, an optically active substance or a salt thereof obtained by the 
present invention can be easily manufactured and, due to its various physiological functions, it is a compound which is 
quite useful in broad areas of pharmaceutical agents, foods, etc. 

EXAMPLES 

[0068] The present invention will be further illustrated by way of the following examples although the present invention 
is never limited to those examples. Incidentally, "%*' used in the examples stands for "% by weight". 

Example 1. 

[0069] 

(1) D-Glucuroic acid (G 5269; manufactured by Sigma) (10 g) was dissolved in 1 liter of water, heated at 121 °C for 
four hours and concentrated in vacuo until about 10 ml. This was mixed with 40 ml of an upper layer of a 3:2:2 mix- 
ture of butyl acetate, acetic acid and water and centrifuged and the resulting supernatant liquid was concentrated 
in vacuo until about 10 ml. 

The above extract was applied to silica gel (BW-300SP; 2 x 28 cm; manufactured by Fuji Silycia) for a column 
chromatography and separated using an upper layer of a 3:2:2 mixture of butyl acetate, acetic acid and water as 
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an eluate at the flow rate of about 5 ml/minute under a pressure of 0.2 kg/cm 2 using a compressor. Fractionation 
was conducted to make a volume of one fraction 1 0 ml and a part of each fraction was analyzed by a thin layer chro- 
matography whereupon cyclopentenone of a high purity was contained in 61st to 80th fractions. Those fractions 
were collected, concentrated in vacuo, extracted with 40 ml of chloroform and the extract was concentrated in 
vacuo to afford 100 mg of cyclopentenone. 

The fraction was separated by means of a normal phase HPLC using a Palpack type S column (manufactured 
by Takara Shuzo) and, when a detection was conducted by an ultraviolet absorption of 21 5 nm, the purity was found 
to be 98%. 

The above cyclopentenone (113.9 mg) was dissolved in 2.85 ml of ethanol. To this ethanolic solution was 
added 3.85 ml of hexane/ethanol (94/6) to prepare a cyclopentenone solution (17 mg/ml). This was filtered through 
a filter of 0.5 y.m to prepare a sample solution for an optical resolution HPLC. 

This sample solution was applied to an optical resolution HPLC, each of the fractions of the (-)-cyclopentenone 
in the earlier peak and the (+)-cyclopentenone in the later peak was collected and evaporated to dryness in vacuo 
to give 43.2 mg of the (-)-cyclopentenone and 43.0 mg of the (+)-cyclopentenone. 

Conditions for Optical Resolution HPLC. 

Columns: Chiral Pack AS (manufactured by Daicel) 2.0 cm x 25.0 cm 

Column temperature: 40°C 

Mobile phase: hexane/ethanol (94/6) 

Flow rate: 14.0 ml/minute 

Detection: UV 210 nm 

Amount of the charged sample: 150 \x\ (2.55 mg) 

Each of the (-)-cyclopentenone and (+)-cyclopentenone obtained herein contains about 1% of enantiomer and, 
therefore, they were subjected to an optical resolution under the above-mentioned conditions again. As a result, 
19.7 mg of the (-)-cyclopentenone containing no enantiomer was obtained from 30.0 mg of the (-)-cyclopentenone 
of the earlier peak while, from 37.4 mg of the (+)-cyclopentenone of the later peak. 27.7 mg of the (+) -cyclopenten- 
one containing no enantiomer was obtained. Incidentally, the eluting times in optical resolution HPLC of the (-)- 
cyclopentenone and (+)-cyclopentenone were 33 minutes and 40 minutes, respectively. 

(2) To 29.6 mg of the cyclopentenone obtained by a method mentioned in Example 1-(1) were added 1 ml of anhy- 
drous pyridine (295-26 manufactured by Nacalai Tesque) and 0.1 ml of acetic anhydride (002-26 manufactured by 
Nacalai Tesque) followed by stirring at room temperature for three hours. The reaction solution was extracted with 
chloroform to give 36 mg of diacetylcyclopentenone. 

Mass analysis of the resulting diacetylcyclopentenone was conducted using a DX 302 mass spectrometer 
(manufactured by Nippon Denshi). In addition, it was dissolved in CDCI 3 and its structure was analyzed by means 
of NMR. JMN-A500 (manufactured by Nippon Denshi) was used as a nucleomagnetic resonance apparatus. The 
result will be given below. Incidentally, chemical shift values of 1 H-NMR were expressed in such a manner that the 
chemical shift value of chloroform was 7.24 ppm. 

MS m/z 199(M+H) + 
1 H-NMR 

6 2.12 (3H, S, -OCOCH3), 2.16 (3H, S, -OCOCH3), 5.16 (1H, d, J=3.0Hz, H-5), 5.89 (1H, m, H-4), 6.40 (1H, d- 
d, J=1.5, 6.5Hz, H-2), 7.43 (1H, d-d, J=2.5, 6.5Hz, H-3) 

Fig. 1 shows a mass spectrum of diacetylcyclopentenone and Fig. 2 shows 1 H-NMR spectrum of diacetylcy- 
clopentenone. In Fig. 1 , the abscissa indicates to the m/z value while the ordinate indicates to the relative intensity 
(%). In Fig. 2, the abscissa indicates to the chemical shift value (ppm) while the ordinate indicates to the signal 
intensity. 

(3) The same reaction as in the above Example 1-(2) was conducted using 15.9 mg of the (-)-cyclopentenone 
obtained by the method of Example 1-(1) to give 15.1 mg of diacetyl (-)-cyclopentenone. This was subjected to a 
structural analysis by means of mass analysis and NMR by the same manner as in the above Example 1 -(2) to give 
the same results as in the above 1-(2). 

(4) The same reaction as in the above Example 1-(2) was conducted using 16.7 mg of the (+)-cyclopentenone 
obtained by the method of Example to give 18.8 mg of diacetyl (+) -cyclopentenone. This was subjected to a 
structural analysis by means of mass analysis and NMR by the same manner as in the above Example 1 -(2) to give 
the same results as in the above 1-(2). 

(5) To 13.8 mg of the cyclopentenone were added 44.3 mg of benzoic acid (041-20 manufactured by Nacalai 
Tesque), 7.5 mg of dimethylaminopyridine (DMAP; D1450 manufactured by Tokyo Kasei Kogyo) and 51.0 mg of 
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N.N'-dicyclohexylcarbodiimide (DCC; 1001 manufactured by Peptide Kenkyusho), then 5 ml of chloroform was 
added thereto and the mixture was stirred for four hours with ice cooling. The reaction solution was filtered, the 
resulting filtrate was applied to 75 ml of a silica gel column and the column was eluted with chloroform to give a 
fraction containing dibenzoylcyclopentenone. The solvent of this fraction was evaporated in vacuo and the residue 
was dissolved in ethanol and separated by means of a silica gel thin layer chromatography using a 99:1 mixture of 
chloroform and methanol as a developing solvent. The silica gel corresponding to Rf = 0.45-0.55 was scratched 
off from the thin layer followed by extracting with chloroform to give 3.2 mg of dibenzoylcyclopentenone. 

Structural analysis of the resulting dibenzoylcyclopentenone by means of mass analysis and NMR was con- 
ducted by the same manner as in the above Example 1 -(2). The result is given below. 

MS m/z 323(M+H) + 
1 H-NMR 

6 5.56 (1H, d, J=3.0Hz, H-5) ( 6.30 (1H, m, H-4), 6.54 (1H, d-d, J=1.5, 6.5Hz t H-2), 7.44 (H of 4H, m, aromatic 
ring), 7.58 (H of 2H, m, aromatic ring), 7.64 (1H, d-d, J=2.0, 6.5Hz, H-3) ( 8.06 (H of 4H, m, aromatic ring) 

Fig. 3 shows a mass spectrum of dibenzoylcyclopentenone and Fig. 4 shows 1 H-NMR spectrum of dibenzoyl- 
cyclopentenone. In Fig. 3 ( the abscissa indicates to the m/z value while the ordinate indicates to the relative inten- 
sity (%). In Fig. 4, the abscissa indicates to the chemical shift value (ppm) while the ordinate indicates to the signal 
intensity. 

(6) The same reaction as in the above Example 1-(5) was conducted using 22.1 mg of the (-)-cyclopentenone, 71 .9 
mg of benzoic acid, 12.1 mg of DMAP and 80.3 mg of DCC to give 19.2 mg of the dibenzoyl (-)-cyclopentenone. 
Structural analysis was conducted by means of mass analysis and NMR by the same manner as in the above 
Example 1-(5) and the same result as in Example 1-(5) was obtained. 

(7) The same reaction as in the above Example 1 -(5) was conducted using 20.4 mg of the (+)-cyclopentenone, 65.6 
mg of benzoic acid, 1 1.0 mg of DMAP and 74.3 mg of DCC to give 21.4 mg of the dibenzoyl (+)-cyclopentenone. 
Structural analysis was conducted by means of mass analysis and NMR by the same manner as in the above 
Example 1-(5) and the same result as in Example 1-(5) was obtained. 

(8) The cyclopentenone (30 mg), 10 mg of DMAP and 153 mg of hexanoic acid (070-26 manufactured by Nacalai 
Tesque) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice cooling. 
After they were made to react for one hour, the reaction solution was separated and purified by means of a silica 
gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf = 
0.3-0.4 was scratched off from the thin layer followed by extracting with chloroform to give 1 1 mg of dihexanoylcy- 
clopentenone. 

The resulting dihexanoylcyclopentenone was dissolved in CDCI 3 and confirmed by means of NMR. JNM- 
EX270 FT NMR system (manufactured by Nippon Denshi) was used as an apparatus for the NMR measurement. 
With regard to chemical shift values of 1 H-NMR, the chemical shift value of tetramethytsilane was expressed as 0 
ppm. 

The result is given below. 
1 H-NMR 

6 7.44 (1H, dd, J 2 . 3 =6.27Hz, J 3 . 4 =1.98Hz, H-3), 6.42 (1H, dd, J 2 _ 3 =6.27Hz, J 3 _ 4 =1.32Hz, H-2), 5.91 (1H, m, H- 
4), 5.16 (1H, d, J 4 . 5 =2.97Hz, H-5), 2.42 (2H, t, J=7.26Hz), 2.38 (2H, t, J=7.76Hz), 1.65 (4H, m), 1.26 (8H, m), 
0.88 (6H, t) 

Fig. 5 shows 1 H-NMR spectrum of dihexanoylcyclopentenone. In Fig. 5, the abscissa indicates to the chemical 
shift value (ppm) while the ordinate indicates to the signal intensity. 

(9) The cyclopentenone (30 mg), 10 mg of DMAP and 301. mg of myristic acid (M0476 manufactured by Tokyo 
Kasei Kogyo) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice 
cooling. After they were made to react for one hour, the reaction solution was separated and purified by means of 
a silica gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf 
= 0.45-0.55 was scratched off from the thin layer followed by extracting with chloroform to give 53 mg of dimyris- 
toylcyclopentenone. 

Structural analysis of the resulting dimyristoylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

1 H-NMR 

5 7.45 (1H f dd, J 2 _ 3 =5.94Hz, J 3 , 4 =2.31Hz, H-3), 6.42 (1H, dd, J 2 . 3 =5.31Hz, J 3 , 4 =1.32Hz, H-2), 5.92 (1H, m, H- 
4), 5.16 (1H, d, J 4 . 5 =2.64Hz, H-5), 2.42 (2H, t, J=7.26Hz), 2.38 (2H, t, J=7.91Hz), 1.63 (4H, m), 1.26 (32H, m), 
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0.88(6H. t) 

Fig. 6 shows 1 H-NMR spectrum of dimyristoylcyclopentenone. In Fig. 6, the abscissa indicates to the chemical 
shift value (ppm) while the ordinate indicates to the signal intensity. 

(10) The cyclopentenone (30 mg), 1 0 mg of DMAP and 1 90 mg of octanoic acid (071 -1 1 manufactured by Nacalai 
Tesque) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice cooling. 
After they were made to react for one hour, the reaction solution was separated and purified by means of a silica 
gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf = 
0.25-0.35 was scratched off from the thin layer followed by extracting with chloroform to give 27 mg of dioctanoyl- 
cyclopentenone. 

Structural analysis of the resulting dioctanoylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

1 H-NMR 

5 7.44 (1H, dd, J 2 - 3 =6.1Hz, J 3 _ 4 =2.16Hz, H-3). 6.41 (1H ( dd, J 2 . 3 =6.1Hz, J 3 _ 4 =1.48Hz, H-2), 5.92 (1H, m, H-4), 
5.16 (1H. d, J 4 . 5 =2.97Hz, H-5), 2.42 (2H, t, J=7.59Hz), 2.38 (2H, t, J=7.91Hz), 1.65 (4H, m), 1.29 (16H, m), 
0.88 (6H, t) 

Fig. 7 shows 1 H-NMR spectrum of dioctanoylcyclopentenone. In Fig. 7, the abscissa indicates to the chemical 
shift value (ppm) while the ordinate indicates to the signal intensity. 

(11) The cyclopentenone (30 mg), 10 mg of DMAP and 190 mg of 3-octenoic acid (00070 manufactured by Tokyo 
Kasei Kogyo) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice 
cooling. After they were made to react for one hour, the reaction solution was separated and purified by means of 
a silica gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf 
= 0.25-0.35 was scratched off from the thin layer followed by extracting with chloroform to give 25 mg of di-3-octen- 
oylcyclopentenone. 

Structural analysis of the resulting di-3-octenoylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

1 H-NMR 

6 7.44 (1 H, dd, J 2 . 3 =6.27Hz, J 3 . 4 =2.32Hz, H-3), 6.42 (1 H, dd, J 2 _ 3 =6.27Hz, J 3 . 4 =1 .49Hz, H-2), 5.91 (1H, m, H- 
4), 5.55 (4H, m), 5.16 (1H, d, J4_ 5 =2.97Hz, H-5), 3.12 (4H, dd, J=12.85Hz, J=6.59Hz), 2.04 (4H, m), 1.33 (8H, 
m), 0.89 (6H, t) 

Fig. 8 shows 1 H-NMR spectrum at di-3-octenoylcyclopentenone. In Fig. 8, the abscissa indicates to the chem- 
ical shift value (ppm) while the ordinate indicates to the signal intensity. 

(12) The cyclopentenone (30 mg), 10 mg of DMAP and 1 15 mg of n-butyric acid (B0 754 manufactured by Tokyo 
Kasei Kogyo) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice 
cooling. After they were made to react for one hour, the reaction solution was separated and purified by means of 
a silica gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf 
» 0.20-0.30 was scratched off from the thin layer followed by extracting with chloroform to give 16 mg of dibutyryl- 
cyclopentenone. 

Structural analysis of the resulting dibutyrylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

1 H-NMR 

6 7.45 (1H, dd, J 2 _ 3 =6.27Hz, J 3 _ 4 =2.13Hz, H-3), 6.42 (1H, dd, J 2 . 3 =6.27Hz, J 3 . 4 =1.65Hz, H-2), 5.91 (1H, m, H- 
4), 5.16 (1H, d, J 4 _ 5 =2.64Hz, H-5) 

Fig. 9 shows 1 H-NMR spectrum of dibutyrylcyclopentenone. In Fig. 9, the abscissa indicates to the chemical 
shift value (ppm) while the ordinate indicates to the signal intensity. 

(13) The cyclopentenone (30 mg), 10 mg of DMAP and 226 mg of n-decanoic acid (D001 7 manufactured by Tokyo 
Kasei Kogyo) were dissolved in 5.9 ml of dichloromethane and then 108 mg of DCC was added thereto with ice 
cooling. After they were made to react for one hour, the reaction solution was separated and purified by means of 
a silica gel thin layer chromatography using chloroform as a developing solvent. The silica gel corresponding to Rf 
s 0.35-0.45 was scratched off from the thin layer followed by extracting with chloroform to give 35 mg of dide- 
canoylcyclopentenone. 
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Structural analysis of the resulting didecanoyicyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

1 H-NMR 

5 6 7.44 (1H, dd ( J 2 . 3 =6.27Hz, J 3 . 4 =1 .97Hz, H-3). 6.42 (1 H, dd. J 2 _ 3 =6.27Hz, J 3 . 4 =1.3Hz, H-2), 5.91 (1H, m, H- 

4), 5.15 (1H, d, J4. 5 =2.97Hz, H-5), 2.42 (2H, t, J=7.24Hz), 2.38 (2H, t, J=7.91Hz), 1.65 (4H, m), 1.26 (24H, m), 
0.88(6H, t) 

Fig. 10 shows 1 H-NMR spectrum of didecanoyicyclopentenone. In Fig. 10, the abscissa indicates to the chem- 
10 ical shift value (ppm) while the ordinate indicates to the signal intensity. 

(14) The cyclopentenone (30 mg), 16 mg of DMAP, 66 mg of triethylamine (T0424 manufactured by Tokyo Kasei 
Kogyo) and 122mg of n-valeric anhydride (V0006 manufactured by Tokyo Kasei Kogyo) were dissolved in 5.9 ml of 
dichloromethane and the mixture was made to react with ice cooling for one hour. The reaction solution was devel- 
oped by means of a silica gel thin layer chromatography using a 200:1 mixture of chloroform and methanol as a 

15 developing solvent and the silica gel corresponding to Rf = 0.7-0.8 was scratched off from the thin layer and 
extracted with chloroform to give 39 mg of divalerylcyclopentenone. 

Structural analysis of the resulting divalerylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

20 1 H-NMR 

6 7.45 (1 H, dd, J 2 _ 3 =6.1 1 Hz, J 3 _ 4 =1 .66Hz, H-3), 6-42 (1 H, dd, J 2 . 3 =6.1 1 Hz, J 3 . 4 =1 .66Hz, H-2), 5.91 (1 H, m, H- 
4), 5.16 (1H. d, J 4 . 5 =2.97Hz, H-5) ( 2.43 (2H, dd, J=7.59, 7.59Hz), 2.39 (2H, dd, J=7.59. 7.59Hz), 1.65 (4H,m), 
1 .38 (4H, m), 0.93 (6H, dd, J=7.26, 7.26Hz) 

2S Fig. 1 1 shows 1 H-NMR spectrum of divalerylcyclopentenone. In Fig. 1 1 , the abscissa indicates to the chemical 

shift value (ppm) while the ordinate indicates to the signal intensity. 

(15) The cyclopentenone (30 mg), 16 mg of DMAP, 66 mg of triethylamine and 86 mg of propionic anhydride 
(P0513 manufactured by Tokyo Kasei Kogyo) were dissolved in 5.9 ml of dichloromethane and the mixture was 
made to react with ice cooling for one hour. The reaction solution was developed by means of a silica gel thin layer 

30 chromatography using a 200:1 mixture of chloroform and methanol as a developing solvent and the silica gel cor- 
responding to Rf = 0.5-0.6 was scratched off from the thin layer and extracted with chloroform to give 31 mg of 
dipropionylcyclopentenone. 

Structural analysis of the resulting dipropionylcyclopentenone by means of NMR was conducted by the same 
manner as in the Example 1-(8). The result is given below. 

35 

1 H-NMR 

67.45(1H,dd, J 2 . 3 =6.27Hz, J 3 . 4 =2.15Hz, H-3), 6.42 (1H, dd, J 2 _ 3 =6.27Hz, J 3 _ 4 =1.49Hz, H-2), 5.91 (1H, m, H- 
4), 5.16 (1H,d, J4_ 5 =2.97Hz, H-5), 2.46 (2H, dd. J=1 5.01 , 7.59Hz), 2.42 (2H, dd, J=15.01, 7.59Hz), 1.18 (6H, 
dd, J=7.59, 7.59Hz) 

40 

Fig. 12shows 1 H-N MR spectrum of dipropionylcyclopentenone. In Fig. 12, the abscissa indicates to the chem- 
ical shift value (ppm) while the ordinate indicates to the signal intensity. 

(16) The cyclopentenone (2 g), 733 mg of DMAP, 4.1 ml of trans-2-hexanoic acid (H0383 manufactured by Tokyo 
Kasei Kogyo) and 5.57 g of DCC were dissolved in 200 ml of dichloromethane and the mixture was made to react 

45 at room temperature for two hours. The reaction solution was subjected to a silica gel column chromatography 
using a 8:1 mixture of hexane and ethyl acetate as a solvent to give a fraction showing a single spot on a silica gel 
thin layer chromatography. This fraction was concentrated in vacuo to give about 900 mg of oily di-2-hexenoylcy- 
clopenenone. 

Structural analysis of the resulting di-2-hexenoylcyclopenenone by means of NMR was conducted by the same 
so manner as in the Example 1 -(8). The result is given below. 

1 H-NMR 

5 0.92 (6H, m, 1 1 -H+1 1 -H), 1 .48 (4H, m, 1 0-H+1 0'-H), 2.18 (4H, m ( 9-H, 9'-H), 5.22 (1 H, d, J=3.0Hz, 5-H), 5.85 
(2H, m, 7-H+7 r -H), 5.98 (1H, m, 4-H), 6.41 (1H, dd, J=1.0, 6.0Hz, 2-H), 7.04 (2H, m, 8-H+8'-H), 7.47 (1H, dd, 
55 J=2.0, 6.0Hz, 3-H) 

Carbon atoms of the 2-hexenoyl group bonded to the position 5 of the cyclopentenone were named positions 
6 to 1 1 from the carbonyl group successively while carbon atoms of the 2-hexenoyl group bonded to the position 4 
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of the cyclopentenone were named positions 6' to 1 V from the carbonyl group successively. 

Fig. 13 shows 1 H-NMR spectrum of di-2-hexenoylcyclopentenone. In Fig. 13, the abscissa indicates to the 
chemical shift value (ppm) while the ordinate indicates to the signal intensity. 

Example 2. 

[0070] 

(1) Each of 1 mM ethanolic solutions of diacetylcyclopentenone, diacetyl (-)-cydopentenone, diacetyl (+)-cyclopen- 
tenone. dibenzoylcyclopentenone, dibenzoyl (-)-cyclopentenone, dibenzoyl (+)-cyclopenenone, dihexanoylcy- 
clopentenone, dimyristoylcyclopentenone, dioctanoylcyclopentenone, di-3-octenoytcyclopentenone, 
dibutyrylcyclopentenone, didecanoylcyclopentenone, divalerylcyclopentenone, dipropionylcyclopentenone and di- 
2-hexenoylcyclopentenone was diluted with 70% aqueous solution of ethanol. 

[0071] Each 5 \i\ of the diluted solutions was placed in a well of a 96-well microtiter plate and air-dried and then 100 
\i\ of 10% fetal bovine serum-containing RPM1 1640 medium containing 5,000 HL-60 cells (ATCC CCL-240) was added 
to each well followed by incubating at 37°C for 48 hours in the presence of 5% carbon dioxide gas. Shapes of the cells 
were observed under an optical microscope, 10 pJ of phosphoric acid-buffered aqueous solution of sodium chloride 
containing 5 g/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added thereto, the mixture 
was incubated for four hours more and the state of growth of the cells was observed under the microscope. Incidentally, 
100 jjlI of 2-propanol containing 0.04N HCI was added, the mixture was stirred well and the absorbance at 590nm was 
measured and defined as the degree of growth of the cells. Minimum concentration of the cyclopentenone derivative 
contained in the well where living cells were not found was defined as the cell growth inhibiting concentration. 
[0072] The result is given in Table 1 . 



Table 1 



Name of the Substance 


Cell Growth Inhibiting 
Concentration (jiM) 


Diacetylcyclopentenone 


3.9 


Diacetyl(-)-cyclopentenone 


3.9 


Diacetyl(+)-cyclopentenone 


3.9 


Dibenzoylcyclopentenone 


7.7 


Dibenzoyl (-)-cyclopentenone 


7.7 


Dibenzoyl(+)-cyclopentenone 


7.7 


Dihexanoylcyclopentenone 


3.0 


Dimyristoylcyclopentenone 


187 


Dioctanoylcyclopentenone 


9.8 


Di-3-octenoylcyclopentenone 


5.0 


Dibutyrylcyclopentenone 


3.4 


Didecanoylcyclopentenone 


17.2 


Divalerylcyclopentenone 


6.2 


Dipropionylcyclopentenone 


3.8 


Di-2-hexenoylcyclopentenone 


6.2 



[0073] In each of the cell growth inhibiting concentrations, apoptic bodies were produced in the cells. Incidentally, opti- 
cally active substances of those compounds showed similar cell growth inhibiting action and apoptosis inducing action 
as well. 
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Example 3. 

[0074] Staphylococcus aureus 3A (NCTC 8319; test microbe (1)), Bacillus subtilis IFO 3021 (test microbe (2)) and 
Pseudomonas aeruginosa IFO 3081 (test microbe (3)) were incubated overnight in a sensitive bouillon medium (man- 
ufactured by Nissui) (seed culture). The absorbance at 600 nm was measured and the numbers of the living cells were 
calculated from a calibration curve showing the relation between the numbers of living cells and the absorbance at 600 
nm. The incubated liquid was diluted with a fresh sensitive bouillon medium to an extent of 1 x 10 6 cells/ml and then 
each 180 *il was placed into each well of the 96-well microtiter plate. Each 20 \i\ of aqueous solutions of 2,000 ^ig/ml, 
1,000 Rg/ml, 500 fig/ml, 250 nl/ml, 125 fil/ml and 62.5 jii/ml dihexanoylcyclopentenone obtained in Example 1-(8) or 
water was placed into each of the wells and a stationary culture was conducted overnight at 37°C (main culture). In the 
meanwhile, a part of the seed culture liquid was diluted with sterilized water, applied onto a sensitive bouillon agar plate 
medium and incubated overnight at 37°C and numbers of the colonies were counted to measure the precise numbers 
of the living cells. 

[0075] The incubated liquid of each well after the main culture was diluted with sterilized water, applied onto a sensi- 
tive bouillon agar plate medium and incubated overnight at 37°C and numbers of the colonies were counted to measure 
the numbers of the living cells. 

[0076] Minimum concentration where the numbers of the living cells are smaller as compared with the well to which 
water was added was defined as the growth inhibiting concentration while the minimum concentration where the num- 
bers of the living cells are smaller as compared with the initial stage of the main culture was defined as the sterilizing 
concentration. The results are given in Table 2. 

[0077] Data in Table 2 are the concentrations of dihexanoylcyclopentenone showing the growth inhibiting action and 
the sterilizing action to the test microbes (1)~(3) and the unit is |xg/ml. 



Table 2 





Growth Inhibiting Con- 


Sterilizing Concentration 




centration 




Test Microbe (1) 


100 


100 


Test Microbe (2) 


100 


100 


Test Microbe (3) 


200 


200 



[0078] It is apparent from the above results that dihexanoylcyclopentenone has a potent antibacterial activity. Other 
compounds prepared in Example 1 and optically active substances thereof also showed the same antibacterial activity 
as dihexanoylcyclopentenone. 

Example 4. Injection Preparations. 

[0079] 

(1) Diacetylcyclopentenone or dihexanoylcyclopentenone was added to a physiological saline solution (the same 
as above) in a concentration of 1% to prepare an injection preparation. 

(2) Dibenzoylcyclopentenone or dibutyrylcyclopentenone, and glycyrrhizic acid were added to a physiological 
saline solution (the same as above) in concentrations of 0.5% and 0.1%, respectively, to prepare an injection prep- 
aration. 

Example 5. Tablets. 

[0080] 

(1) A tablet containing 1 00 mg of dibenzoylcyclopentenone and an appropriate amount of microcrystalline cellulose 
was prepared and coated with sugar to manufacture a tablet preparation. 

(2) A tablet containing 0.1 mg of diacetyl(-)-cyclopentenone, 10 mg of dipotassium glycyrrhizinate and an appropri- 
ate amount of microcrystalline cellulose was prepared and coated with sugar to manufacture a tablet preparation. 
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MERIT OF THE INVENTION 



[0081] The present invention offers the manufacturing method for the cyclopentenone derivative, an optically active 
substance thereof or a salt thereof which exhibits the physiological activities such as anticancer activity, cell growth 
5 inhibiting activity on cancer cells, apoptosis induction activity, antibacterial activity, etc. The pharmaceutical agent using 
the compound obtained by the present invention as an effective component is a useful pharmaceutical agent especially 
for keeping homeostatis of living body. 



Claims 

10 

1. A cyclopentenone derivative represented by the following formula [I] or an optically active substance or a salt 
thereof. 



75 



20 




[I] 



25 



(In the formula, and R 2 are same or different and each of them is straight or branched alky! group, straight or 
branched alkenyl group, aromatic group or aromatic-aliphatic group with a proviso that the case where R t = R 2 = - 
CH 3 is excluded.) 

30 

2. A pharmaceutical agent which is characterized in containing at least one compound selected from the cyclopen- 
tenone derivative, an optically active substance or a salt thereof according to claim 1 as an effective component. 

3. A pharmaceutical agent according to claim 2 which the agent is an anticancer agent. 

35 

4. A pharmaceutical agent according to claim 2 which the agent is an apoptosis-inducing agent. 

5. A pharmaceutical agent according to claim 2 which the agent is an antibacterial agent. 

40 6. A method for the manufacture of a cyclopentenone derivative represented by the formula [II], characterized in that, 
4,5-dihydroxy-2-cyclopenten-1-one represented by the following formula [III] and/or an optically active derivative 
thereof are/is made to react with a carboxylic acid and/or a reactive derivative thereof corresponding to R 3 and R 4 
of the cyclopentenone derivative represented by the following formula [II] either simultaneously or successively. 




15 
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(In the formula, R 3 and R 4 are same or different and each of them is straight or branched alkyl group, straight or 
branched alkenyl group, aromatic group or aromatic-aliphatic group.) 




75 



7. A pharmaceutical agent which is characterized in containing at least one compound selected from the cyclopen- 
tenone derivative, an optically active substance or a salt thereof obtained by the method according to claim 6 as an 
effective component. 

20 

8. A pharmaceutical agent according to claim 7 which the agent is an anticancer agent. 

9. A pharmaceutical agent according to claim 7 which the agent is an apoptosis-inducing agent. 
25 10. A pharmaceutical agent according to claim 7 which the agent is an antibacterial agent. 



30 
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Fig. 1 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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Fig. 15 



+ 30 




31 



EP0 976 717 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/00817 



A. CLASSIFICATION OF SUBJECT MATTER 

int. CI* C07C69/2B, C07C67/08, A61X31/215, A61K31/235, A61K31/23 

According to International Patent Classification (IPQ or to both national dassificalion and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (cl ass i ftcnl ion system followed by classification symbols) 

Int.Cl* C07C69/28, A61K31/215 r A61K31/235, A61K31/23 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA <STN), REGISTRY (STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daira No. 



SMITH AMOS B. et al . , " Stereocontrolled total 
synthesis of (.+-.) -pentenomycins . I-III, their 
epimers, and dehydropentenoraycin I*, J. Org. Chem. 
(1982), 47(10), p. 1855-1869 

JP, 2-247151, A (The Noguchi Institute), 

October 2, 1990 (02. 10. 90), 

Page 1, lower column (Family: none) 



1-10 



1-10 



| | Further documents ere listed in the continuation of Box C Q See patent family 



* Special categories of died document*: 

"A" dbcumeni defining the gene** I ttate of the art which is not 

coosdeitri to be of puracoiar relevance 
"ET earlier document but pohlrthwl on or after the iaternatiogoJ filing dale 
"L" docotneta which any throw doobtm oo priority cftaimf s) or which is 

died to estabiiaa the pwMicalkio dale oi another ci taboo or other 

^Mcaml rcaaoa (as apecifted) 
"O" document referring to aa oral eudoaurc, aae, exhibition or other 

*P" rtnnimrnt published prior Co the intcrnatiooal filing date bst later than 
the priority date cfatmrd 



T later ducuiMnt publiahed after the international filing date or priority 
date and not in coaflitf with the application hoi cited lo 
the principle or theory ondertyics the iirmnioo 
"X* document of particular relevance; the d&itned iaventkxi 
owsidercd novel or cannot be cu aa idurd to iflvotve tn 
when the document b taken alose 
*Y" oocuiaeot of particular rckvance; the claimed invention cat 
considered to involve aa inventive atep when the doauneai 
th one or more 



being obvious to a person skilled ia the art 
*&' document eneanber of the affle pateal faaarr 



Dale of the actual completion of the international search 
May 14, 1998 <14. 05. 98) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Dale of mailing of the international search report 
May 26, 1998 (26. 05. 98) 



Authorized officer 



Telephone No. 



Form FCf/ISA/210 (second sheet) (July 1992) 



32 



